Abstract. Up-to-date bioimpedancometric methods offer a wide spectrum of data that can be used for complex analysis of cardiovascular system state. Still, the use of appropriate mathematical approaches for data processing and calculation of main parameters is essential for confident diagnosis. The data processing problems are mainly connected with unavoidable noise sources, device noises, necessity to differentiate the registered data, pattern recognition of the structures responsible for specific fragments of the heart cycle and for the integral characteristics. In this work wavelet analysis is offered to resolve the various upcoming problems. Approaches based on decomposition of the analyzed signal on the base of special functions -wavelets -allow filtration of noises, artefacts and trends caused by side processes. They offer a wide spectrum of spectral and correlation analysis of synchronously recorded signals (for polyrheocardiograf those are impedance signals, cardiogram and phonocardiogram). Wavelet decomposition allows to distinguish high-frequency device noise from low-frequency variations caused by breathing, for example. Use of original wavelet differentiation algorithm allows to combine filtration and calculation of the derivatives of rheocardiogram. Time-spectral representation of the data on the surface forms the wavelet-portrait that gives images with relief markers of cardiac cycle phases. Utilization of the offered mathematical method raises the self-descriptiveness of impedancometric examination of cardiovascular system and makes more accurate the definition of traditional hemodynamic parameters.
Introduction
Wavelet-based time-frequency analysis is the known approach to select the disturbance free impedance cardiography signal from the noisy input. The possibilities of this method are although much wider and are not limited just by digital filtration of the signals. Objective of this work is an approbation of a new method of processing and interpretation of impedance polirheocardiography data [1] using wavelet analysis. The main goal is to make more accurate the calculation of traditional hemodynamic parameters by removal of negative influence of breathing wave and usage of noise-resistant differentiating algorithms. It is also necessary to develop new diagnostic criteria based on pattern recognition of wavelet images of cardiovascular pathologies. To achieve the goal we have processed signals of differential rheorgram (DR), phonocardiogram (PCG) using program pack of wavelet algorithms.
Wavelet transform presents a kind of "local" Fourier transform, allowing us to isolate a given structure in physical space and the Fourier space. Let us define the wavelet transform of the 
where ψ(t) is the analyzing wavelet, a defines the scale and b defines the position of the wavelet. Then the coefficient w F gives the contribution of corresponding structure into the function F . The function F can be reconstructed using the inverse transform (see, e.g. [2] )
The reconstruction formula (2) exists under condition that
Hereψ(k) = ψ(φ)e −ikφ dφ is the Fourier transform of the analyzing wavelet ψ(φ).
Let us considered the function F (t) is given by its derivative G(t). Applying differentiation by part to equation (1) we have
where χ(t) = −ψ (t) is another wavelet. So the wavelet transform with wavelet family χ(t) gives the wavelet coefficients of the derivative of the analyzing function. Use of original wavelet differentiation algorithm [3] allows to combine filtration and calculation of the derivatives of rheocardiogram. We use as the analyzing wavelet the so-called Mexican hat ψ(t) = (1 − t 2 ) exp(−t 2 /2) for higher resolution of separated picks in time and the wavelet Morle ψ(t) = exp (− t 2 2 + 2iπt) for better spectral resolution. cycle. Infarct patient has two pronounced structures per one cardiac cycle. The differences are quite enough significant and might be use for pathology recognition.
Some results of the wavelet analysis
Maxima of the wavelet coefficient at a = 0.4 were used to calculate the systolic amplitude. Probability density function of stroke volume over 100 heart beats is shown on the figure 4. Breathing filtration gives less variation in the stroke volume.
Application of the wavelet analysis seems to be a promising tool for visualization of bioimpendancometric data and for obtaining a robust statistics of the hemodynamic characteristics.
